






















学位 》瀬 文要 ］白
SIJMMAIRY
TheeffectsOfbactelialtoxins,endotoxinderivedhomKzEbsjEllZzplzezZmolzmeandShiga-1iketoxinll
‐
(SLILII)isolatedmmEscAelfClijZzcojfO157:H7,ondrugt【ansportsystemweleinvestigatedinratsormlce．
ＷefbundthatendotoxindecleasesBgiycoplotein-mediateddmgbilialyandlenalexcretionbydecreasingthe
eXpressionofm伽α,whichislikelyduetoovelploducIionofplasmaTNFLu1evelsandthatSLILIIinduces
damagetolenaltubule,butnotglomerulusandhnpailslenalexcletionofdmgbydecleasingGFRandcausing
decleasedrenalplasmaflow;whelcasitdoesnotaltertheplotemlevelsofdrugtranspoltingP弓glycOpMeinand
MIp2mIllekidney6Ontheotherhand,theplesentsmdyalsoiiomdIhatcndotoxinhasnoeHectontheblain
capmalyintegrityandP-glycOpmtein-mediateddrUgtranSportaclossthebloodblainbarlier(BBB),wheleas
SnmimpaiIstheBBBfimctionanddmgmnsportacrossUleBBBinSpiteofoveleXplessionofP-gycoplotein
inthebrain．
Bacterialendotoxin,whichisamaJorcolnponentofthcouｔｅｒｍembraneofGIam-negativebacteria,is
believedtoplayanimportantroleinthepatholOgenecityofGTamPnegativesepsis,shocklandthedevelopmentof
muUtipleolganfailule,andismainlyreSponsiblefbrlhehighmortalitybyGIam-negativebactelialinfections・
EndotoxindelivedmmvarioUSbacteIialfamiliesshaIesacommonamhitcctuUe、EndotoxinadminiRtered
systemicaUyismpidlydistributedintovaⅢioustissues,suchastheliveL1ungS,Spleenandkidneys,andismainly
eliminatedbytheliveLAntibioticsaIeoftenusedinthetleatmentofpatientssuffelingGram-negativebactelial
infectionsandthesemayenhanceUlelibemtionofendotoxinfrombacteliatoIhebody61tisweUlmownthat
endotoxinreleasedmmbacteriainducesavarietyofpathOphysiolOgicalandimmlmolOgicalchangesinthebody
inC1udingcimulatolyshock,disseminatedmtravascularcoagulation,anddamagestonumelousolganssuchaｓ
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thecentralnervoussystem,liveLkidney9heartうａｎｄｈｍｇｓ・Theseendotoxin-mediatedactivitiesmaycontribute
tothedevelopmentoftissueinjuryandconsequentlyleadtoshockanddeath・
Itisgenelallydifficulttodistinguishthebio1ogicaleEfectsmediatedbyendotoxinmmthoseofother
contaminationsderivedf[omintactbacteria・ｍｅａｎimalmodelappeaIstobeusefmlfOrthepledictionof
variouschangesoccuninginthehumanbodyduringGIam-negativebacterialinfections，becausepmified
endotoxillcanbepIepaledandinjectedintotheamimalseitherintravenouslyorintrapelitoneaUyavoidingthe
possiblyactivecompoundsofthevaliouscontaminationsderivednomlivingbactelia、Ｔｈｃｃｈｏｉｃｅｏｆａｎｉｍａｌ
ｍｏｄｅｌｍｕｓｔｂｅｃａlefUUyconsideled，howevenbecausehumansaleknowntobemuchmolesensitiveto
endotoxinthananimals,anddif6eIentspeciesandstlainofeXperilnentalanimalshavelaIgevariationsinU1eir
susceptibilitytothclethaltoxicityinducedbyendotoxin・Forexample,miceandIatsareIelativelylesistant,but
rabbitsgenelallyexhibitalelativelyhighersusceptibi1itytoendotoxin・MoleoveLtheleareanumberoffactors
innuencingtheemfectsofendotoxininthebodybsuchasthedose,Ioutesandschedulcsofendotoxininjection・
Ingeneml,endotoxin,whichwasdclivedhomEco〃O55andO111,iswidelyusedinanimaleXpelilnentssince
Eco魔isthemost丘equentGram-negativebacteIialpathogenmpatientswithsepsis,althougntheIealestlain-
andspecics-relateddifferencesmpotencyamongGramPnegativebacteria・
EscizmClljZzco〃0157:H7infectioninducescolonizationofthebowelandploductionofpowelm
Shiga-1iketoxins(Snb),whichalethoughttoentertheCirculationsystemandtocausemjurytotalget
endothelialceUsinvariousolgans,suchastherena1glomemliandthegastlointestinaltracLTheSLIbcanbe
dividedintotwomajortypes:Sntypel(SnLI)andtypen(SnLm)．SLMisknowntoinducenonspecific
dialThea,hemollhagiccolitis,andsevelehemolytic-ulemicsyndlomeGIUS)．InpalticulalbHUSisthemost
senousconmlicationofEcolfO157:H7infectionandcontlibutestolenaldysmctionandmortalitybHOweveB
whichdmgthelapyandhowitshouldbeusedinthetleatmentofthisinfectionhasnotyetbeenclinically
claIified・RelevantanimalmodelsfbrEco魔0157:H7infectionaleneededtostudylhephysiologicaland
panholOgicalstatesofEcoJZO157:H7infectioUsdiseaseinhumansbecauseofthedifficultiesassociatedwith
conductingclinicaltrialswithhumans・AwidevalietyofanimalSpecies,suchasrabbits,dogs,andmice,have
beenusedasmodelsfOrhumanEcＤＪiO157:H7infections・HoweveI§theleisonlyonestudythatmtswele
usedasananimalmodelofHUSandhemonhagiccolitisbyintlavenousinjectionofSLILIderivedmmEcD'
0157.Ｗｂ,lhelefOre,succeededinthedevelopmentofEco〃0157:H7infectiousratandmousemodelsby
intravenousinjectionofSLm．
Dmgphannacokinetics(absolption,distIibution,metabolismandexcIetion)isaltcIedinceltaindiscase
statessuchasGIammegativeandEcohO157:H7infections,duetonmctionalchangesoccuninginlhebody》
eSpeciamyinthekidneymldliveⅢnekidneyisthemostimportantolgaｎｆＯｒｅｘｃＩｅｔｉｏｎｏｆｄrugsandtheir
metaboHteshomthebody6Excletionofdrugsandtheirmetabolitesintothemineinvolvesthreepmcesses
includingglomerularmtmtion,activembularsecIetion,andpassivetubularleabsolption・AsweUaskidneys，
thelivelbwhichconsistsofhepaticparanchymalcells,vascularendotheMcel1sandKupf6erceUs,alsoplaysan
inm〕ortantloleinU1eSpecificeliminationanddetoxi五cationofendOgenousandemgenoussUbstances・Some
oIganicanionicandcationicdrUgsaleeliminated症omb1oodtobilebythleeplocessesincludinguptakeintothe
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sinusoidalmembrane,mtlaceUulartransport,andexcIetionh1tothebilecanalicularmembrane・FilrthennoIe，
theblainpossessesuniqUeandefBcientpIotectivesystemscontroningthepassageofdmgsandchemicalsf【om
thebloodintothecerebraMssue,duetothepresenceoftightjunctionsbetweentheseendothelialceUs・
Thedrugtlansportsystemsatthelivel）kidneyandbloodblainbarrier⑱BB)aIeimPortantinlegulatingthe
concenlrationofdrugsintheirtissues・Amongnumelous〔hugtranSportels，themostimpoltantdlug
transportingplotein,Pglycoplotein,whichisal70kDatransn1embraneglycOploteinthatutilizeseneIgyf【om
AThydlolysis,iseXplessedinvarioustissuessuchasliveBkidneys,hltestineandbmin,andthisploteininthese
tissueshasaplotectivefmnctionofexcludingendOgenousandexogenoussUbstancesmmthebody6HOwev則
theeffectsofendotoxinandSmlIondIugtlansportershavenotyetbeenclarified,sinceitisthoughtthatsome
diseasestatescouldexcrtala【geinmenceontheeXplesslonandfUnctionofdlugtlanspoltels・men,we
fOcusedontheeffectsofendotoxinandSnLnonP-glycoprotein-mediateddrugtransportsystem
Inaseliesofourstudiesontheeffectofendotoxin,whichisderivedhomK〃em7mlzjZzeKasuyastlain，
andSnLIIondmgdisposition,wehavefOundthatendotoxinIeducesbniaIyandlenalexcletionofvaIious
oIganicanionic〔hUgsaSalesultofchangesillthebiliaryandlenalhlbularsecretolysystelnsID'､g｣WZzb、
DiSpos.,２１:611(1993)andZ2:8(1914Ｍ"伽jC7uAgB'zM7iemo沈翫.,37:1781(1993)and39:2258(1995),and
エPhzmz・Phuzmmco【.，４８:744（１９９６)］andthatitleduceshepaticcytochmmeP450-dependent
dmg-metabolizingenzymesbyovelploducingofnitlicoxideOVO)mplasmM1thoughtheplecisemechanisms
reSponsiblefOrthesechangesarenowunclcarPTh`zmZ・Ｐｈａ７７ｍｃｏｊ.,５０:871(1998)anＭ"伽jC'Ｄ・`１８ﾋﾞ'z応
ｄｉｅ"zo腕Ｂｒ.,禍:2697(1999)]．MOstrecenUXwefOundthatSn-Ⅱ,whichwasplepaledhomNGY12,a
mutantstrainofEco〃0157:H7,doesnotinduceUverinjulybwllileitdecIeasestheploteinlevelsofboth
CYP3A2andCYP2C11ld'0伽伽b､乱脚ｋｓＣｈ”o鋤Ｂｒ.,４７:1636（2003)]・TheeE6ectofKplzemolzm
endotoxinandSLILIIondrugtIanSportsystemsintheliveIbkidneyandbrain,howevelbhasnotyetbeen
investigated
WMesigmedaseriesofeXperimentstoinvestigatetheeffectsofK〃ez`"mlzmecndotoxinandSnLIIon
drugtranSportsystems・First，weinvestigatedwhetherK〃ezdl?zolzzzzeendotoxincouldmodify
P-glycOplotein-mediatedbilialyandlenaltranSportsystemsinrats・Rhodamine-1四waschosenasthemodel
drug,sincethiscompoundispIimalilyexcletedintothcbileandulinebyPglycOplotein・Wealsomeasmed
theeXpIessionofPglycoproteinmRNA０，２`ZrZα)intheliverandkidmeyatdHf6elenttimeintervalsafter
intraperitonealinjectionofendotoxin（１ｍｇ/k9,i・Ｖ６),byIevelsetranscriptase-polymelasechainleaction
GnLPCIR)．Theem6ectofthetypicalsUbstlatesfbrBglycoplotein,cycloSporinA,colchicineandelythlomycin，
onthebUiaryexcIetionofBglycOpmteinsubstlate,Ihodannne-1函atsteadystateconcentrationwasinvestigated
mrats・TIleP-giycOploteininhibitorscycloSpolinAandelythlomycindIamaticaUymhibitedthebUiaIy
cleamnceoflhodaminc-1四，whereastheolganiccationicdrugcimetidinedidnotinhibiLsuggestingthat
lhodamine-123ismainlytransportedbyPglycoplotein・Endotoxinsigni五canUydecleasedthesteady-state
biliaIybIenalandtUbularsecIetolyclearancesoflhodamine-n3andUleglomelularmtlationrate6hafter
injection，whereastheseparametelsretumedtｏｃｏｎｔｌｏｌｌｅｖｅｌｓｂｙ２４ｈ、nleselcsultssuggestthat
endotoxin-induceddecreasesmP-glycOpmtein-mediatedbiliaryexcletionandIenalhandnngoflhodamine-123
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ｗｅ正pmbablyduetoimpainnentofP-glycOplotein-mediatedtmnsportabilitybmecontributionoftumor
neclosisfactor-MINFU)totheendotoxin-induceddecIeaseinthebiliaIyexcretionoflhodamine-1四was
investigated・PIetleatmentofpentoxifyUine(５０ｍｇ/k9sigmificanUyinhibitedendotoxin-inducedincIeasem
TNFLqlevelsinplasma，whichamelioratedtheendotoxm-inducedreductionoftllebⅢaryexcIetionof
rhodamine-12aItislikelythatendotoxin-inducedimpaimlentofthetrmlSportofIhodamine-1四iscaused,ｉｎ
part,byovelproductionofTNFLu・neeffectofendotoxinontheeXpIessionofPglycOploteinmRNAinliver
andkidneyofmtswasinvestigatcdbyusingRILPCR・Theemessionoflm「ZamRNAinbotMverand
kidneydecleased6hafterendotoxininjectionandletumedtocontlollevelsafter24h,wheleastheexplessionof
〃zz力ZbmRNAmliverincleasedatbothtimesandthatinkidneydecreasedat別ｈ・Thesefindingssuggestthat
K〃ezJ"２０'zz`zeendOtoxindramaticallydecleasesP-glycOploteiM】ediatedbiliaryandrenalexcletionof
lhodamine-123probablybydecleasingtheeXplessionof"OzlMz,whichisduetoincreasedplasmaTNF-ulevels
厚"伽妬ｍＡｇＥ"Mhellzo腕〃.,45:3462(2001)]〆
Second,theeffectofSmm(2Ug/animal)onthelenaltlanSpoltsystemandlheeXplessionandhmctionof
M【p2andBg町cOploteininthekidneyoflatswasinvestigated、AquinoloneantimiclObialagent,levofloxacin
qjWO,waschosenasamodeldrugofqUinoloneantimicmbialagents,asitismainlyexＣｌetedintotheurine
thmughactivetubularsecletionbydrUgtlansportersandusedfOrthetleatnDentofEco〃O157infection・h
histopalhologicalexamination,theacutetUbularinjurywasobservedinSnLn-treatedrats,buttheg1omemn
welenotinjuIe｡、SmnsignificantlydelayeddisappealanceoflyXmmplasma24hafterinjection，
suggestingthatSnLndecreasestherenalexcretionofⅣXTheef6ectofSLMonthelenalhandlingofljVX
wasinvestigated・SnLIIsignificantlyincreasedthesteady-stateplasmaconcentlatio､oflyXtolS-fOldUlat
ofcontlollatsandinducedsignificantdecIeasesinUleGFRandC此ofljVXSLmslightlybbutsignificantlz
mcIeasedtheunboundmctionanddecreasedJenalplasmaflowwithnochangeintheextlactionlatioof
p-aminohippumte,suggestingthatthedecleaSedGFRmaybecausedbydecleasedRPFSnLIIsigmcantly
mcleasedconcentlationsofTNFLc(andnitliteandnitlateinplasma・neTNFuinhibitorpentoxifymine(５０
ｍｇ/kgｳparUybbutsi2miUficantlybinhibitedSnm-induceddecreasesintheGFRandCIfRofⅣX・Bycontrast，
SInethylisothioulea,aselectiveinhibitorofinduciblenitricoxidesynthase(10ｍｇ/kgMidnoLWestemblot
analysisrevealedthatSLmdidnotalterthelevelofthemultidrUglesistance-associatedpmtein2(Mzp2)and
Bglycoplotein,inkidney24hafterinjection,assunmgthelackofinvolvementofMIp2aswellas
EglycOpmteininSIjm-inducedacutelenaltUbularinjuIyandlenalhandmngofIjVX,ObservedZ4hafter
SLILIIinjecti０，．ThepIesentstudysuggeststhatS皿ⅡimpailstheIenalhmmingofⅣXbydecIeasingGFR
andcausingdecIeasedlenaUplasmaflow脚伽jCｱDZMgBPzなｄｉｅ"Ｍher.,46:1522(2002)]・
miId,U]eeffectofKpPzem"oPzjZzeendotoxinom)M1Joblood-bminbanier旧BB)tranSportofdoxombicin
andP9glycOploteinfimctionwasinvestigated．Ｄoxombicinwaschosenasamodeldlug,asitisatypical
P-glycOpmteinsubstlate,andnuolesceinisothiocyanatelabeleddextran4⑩D-4)wasusedasanintegzitymaIker
ofBBB・Doxombicin(30ｍｇ/kg)wasadministeredintothetailveinorFD-4wasinfUsed(201｣g/inin)intoUme
rigd1tjugUlarveinofmiceinjectedintravenouslywithendotoxin(10ｍｇ/kg)６or24heallielbBloodandblain
sampleswelecoUected4hafterinjectionofdoxombicinorlhafterinh1sionofFD-4、Weexaminedusing
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WestemblottingtheinfluenceofendotoxinontheeXpIessionofP-glycopmteininbrainsObtained6,12,andZ4
hafierinjection・Endotoxindidnotchangetheplasmaandbminconcentlationsandbmin-to-plasma
concentrationratio仰ofFD-4・NOhistopathoIogicalchamgesinbmincapmarieswqeobserve｡、TY1ese
resultssuggestthatendotoxmdoesnotcausedamagetoblaincapmaries・Hasmaandblainconcentrationsof
doxombicminmicetleated6heallierwilhendotoxinwelesignificanUyhigherthanthoseincontlolandmice
treated24heaIIieエHoweveLendotoxindidnotsignificanUychangetheKbvalueofdoxombicin・Theplotein
levelofPglycoproteinwassigZlificanUy§butslightlydown-Iegmated6hafterendotoxintreatment・Howevel;
thelevelslemainedalmostunchangｅｄａｆｔｅｒｌ２ａｎｄ２４ｈ．、epresentlesultssuggestthatK〃e画"olzme
endotoxinhasnoenfectonthebraincapmalyintegityanddoxombicintmnSpoltaclosstheBBBinmice・Itis
likelythatP-glycOproteinfimctionmightbesufficienttotranSportdoxombicininspiteofdecleasedlevelsof
P-glycoproteinmthebrain[EiuMEAamzacoﾉ.,445:115(2002)]．
］Pburth,theeffectofSnLIIontheblaindistributionofaBglycoproteinsubstrate,doxombicin,andon
PglycOproteineXplessionandfimctioninmicewasinvcstigated・Doxombicin(30ｍｇ/kg)wasadministeM
intIavenouslyorFD4wasinfUsed(Z0I1ghnin)inmice,whichhadleceivedintlavenousinjectionofSnLn(0.2
1｣g/animal)６or24heallielbBloodandbrainsampleswerecoUected4hafterinjectionofdoxombicinor60
minafterinnlsionofFD-4・SnLIIsignificanUyelevatedthcKbofFD-424haftcrinjection,butdidnotaltcr6
hafteLNOsignificantdifferencesintheplasmaandblainconcentIationsanMbvalueofFD4weleobserved
betweenconholandmicetreated6heaI1ierwithSLrUTbthecontrarybSnLⅡsignificanUyincleasedthe
plasmaandbminconcentrationsand馬valueofdoxombicininmice24hafterinjeclion・CycloSporinA(200
ｍｇ/kg)si2m五cantlyincreasedtheplasmaandbminconcentratiomsandKbvalueofdoxombicininthecontrol
mice・HoweveEcyclospoxinAdUdnotalterthe喝valueofdoxombicininmice舵ated24hearlierwithSnLm
TheTNFLcCinhibitorpentoxifylline(100ｍｇ/kg)plotectedSnLⅡinducedincleasesintheblainconcentmtions
ofbothdmgsanMbvalueofFD-4,suggestingthatTNFLu,atleastinpart,causcsdamagetothebmin
capmaries・WestemblottinganalysislevealedthatSLmincreasedtheploteinlevelofPglycoproteininthe
brainofmice6hafterinjectionandtheincreasedlevellemaineduncllangedfbr２４h．SnLndidnotchange
AIPcontentiｎtheblainofInice・TheselesultssuggestthattheincleasedP-glycOpmteinlevelcannoteXplain
SnLII-inducedincleaseintheaccumulationofdoxombicinintheblainofmicetleatedwithSnLII・The
plesent五ndingsindicatethatSLILIIimpailstheBBBfUnctionanddoxombicintlanspoltaclosstheBBB,while
overeXpIessedP-glycoplotem[BmilzRes.,956:246(2002)]・
Conclusion,thepresentresultsalelhe五Isttoleportthee丘ｅｃｔｓｏｆｅｎｄｏｔｏｘｉｎａｎｄＳｎｍｏｎｔｈｅｄｒｕｇ
tlanSpoltsystemOurfindings五IsUylevealedthatK〃ez"？zolzzzzeendotoxindecIeases
P-glycOplotein-mediatedbUiaryandIenalexcletionoflhodalnine-123pmbablyduetodecleaseintheeXpIesslon
ofBglycoploteinmRNA,andthatTNFLamaybeassociatedwiththesepathOphysiolOgicalalterations・SnLn
alsodecleasesthelenalexcletionofLVXbydecreasingGFRandinduceslenalmbularneclosis・Ithasno
effectontheploteinleveIsofMIpZandPglycopmteininthekidneybwhichdiHelsmmendotoxin・The
pmteinlevelsofMIp2andPglycOpIoteincouldnoteXplainSnLII-induceddecleaseinthelenalexcIetionof
－６０１－
ljVX・TI1isphenomenonisplobablyduetoaccumulationofendOgenoustoxicsubstancesandbrputative
substratesfOrMIp2andPgIb7cOproteininplasmaandkidneMrthepossibilitythatTN]FLC【andNOdonotplay
majorrolesinSnLII-inducedrenaltubulardamage、
ConcemingtheeffectofendotoxinandSnLIIontheP-gdycoplotein-medicatedBBBdlugtranSportsystem，
wedemonstlatedthatK〃ez4"mlzjZzeendotoxindoesnotimpairBBBintegIityanddoxombicintmnSportacross
theBBBinmice，Ｔｈｉｓｓｔｕｄｙｉｓｔｈｅ通rsttodescribetheeffectofendotoxinontheploteinlevelof
Pglycoproteininthebrain．，if6elingfromendotoxin，SIZIIimpailstheintegZityoftheblaincapmary
endothelialceUsanddoxorUbicintranSportaclosstheBBBandUp-Iegml1atesP-glycopIoteininthebrain・SnLII
suppressesP-gIycOprotein-mediatedemuxofdoxombicinf【omthebrain,whichcouldnotbeeXplainedby
SLr-II-mducedincIeaseintheproteinlevelofP-glycOplotemThemcchanismmaybeinvolvedinthe
accunnnationofendogenousP-glycoproteinsubstratesmplasmaandbrain、
OurfindingsmayprovidesomeusemguidesfOrclinicaltleatmentfbrthosepatientswithK〃Budﾘﾜmlzzzze
orEschelfCﾉｾjZzcohO157:H7infections・Thedosageadjustmcntshouldbeneedcdtoavoidtheside誼ectsof
thesedrugs
学位論文審査結果の要旨
グラム陰`性菌感染症によるエンドトキシン血症および腸管出血性大腸菌Ｏ１５７Ｈ７感染症病態における生
体膜輸送機構の変化は未だ明らかにされていない。本論文では、KlebsiellapneumoniaeLEN-1（03:Ｋｒ）
のエンドトキシンおよびEcoliO157:H7strainNGY12から分離した滋賀様毒素Ⅱ（SLT－Ⅱ）の薬物の生
体膜輸送機構に及ぼす影響をラットあるいはマウスを用いて検討し、以下のような知見を得た。
（１）エンドトキシンは肝臓および腎臓に障害を与えないが、Ｐ糖蛋白質ｍＲＮＡの発現を低下させることに
よってＰ糖蛋白質介在性の胆汁排泄能および腎排泄能を低下させるが、この低下には炎症'性サイトカ
ンインTNF-qが－部関与していること。
(2)エンドトキシンは血液脳関門の形態およびＰ糖蛋白質発現量に変化を与えることなく、Ｐ糖蛋白質介
在性薬物の血液脳関門輸送に影響を与えないこと。
(3)SLT-Ⅱは糸球体には病理組織学的変化を及ぼさないが、尿細管障害を誘発し、糸球体濾過速度および
尿細管分泌能を低下させることによって薬物の腎排泄速度を遅延させるが、腎臓のＰ糖蛋白質の発現
量には変化を与えないこと。
(4)SLT-Ⅱは脳毛細血管内皮細胞間隙を開口し、薬物の単純拡散に基づく脳移行を高めること。
以上の結果は、臨床分離菌由来の内毒素エンドトキシンと外毒素SLT-Ⅱを用いた感染症病態モデルにお
ける薬物の生体膜輸送および体内動態の変化とトランスポーターの発現レベルと機能変化の関与について
明らかにしたものである。本研究の成果は肺炎桿菌感染によるエンドトキシン血症および腸管出血性大腸菌
0157:Ｈ７感染症患者に対する適正な治療法を確立するための重要な情報を提供するものであり、本論文は博
士（薬学）論文に値すると判定した。
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